Pseudomonas bacteria have been recognized as sources of new antibiotics. Pyrrolnitrin,1) sorbistin,2) as well as sulfazecin and isosulfazecin3) have been obtained from this group of bacteria. SANDS and ROVIRA4) have reported a selective medium for fluorescent Pseudomonas which containes novobiocin, penicillin and cycloheximide, and MAROLD et al. 5 ) have found a new selective agent, 9-chloro-9-(-4-diethylaminophenyl)-10-phenylacridan, for the isolation of P. aeruginosa. Deoxycholate agar,6) MACCONKEY agar containing bile acid,6) and eosine-methylene blue agar6) are also used for clinical isolation of Pseudomonas bacteria.
In this study, we have developed a more efficient procedure utilizing cerexin A and nalidixic acid for isolation of Pseudomonas bacteria. Cerexin A, a peptidic antibiotic from Bacillus cereus 60-6,7) is only active against Gram-positive bacteria. Nalidixic acid is a well-known inhibitor of enteric Gram-negative bacteria8) and Bacillus strains.9) Addition of nalidixic acid at appropriate concentrations to the isolation medium was however expected to be useful for selecting Pseudomonas bacteria among various enteric Gram-negative bacteria. The combination of cerexin A and nalidixic acid was expected to be effective for selecting Pseudomonas bacteria also among various Gram-positive and -negative bacteria.
Materials and Methods
Bacteria Used Sixty-three strains of Gram-positive and -negative bacteria including Streptomyces and Micromonospora, (see Table 1 ) were subjected to sensitivity tests against cerexin A and nalidixic acid. Most of the strains were obtained from the Institute of Fermentation, Osaka (IFO), the Northern Regional Research Laboratories, U. S. A. (NRRL), and American Type Culture Collections (ATCC). The others were isolated from various soil samples in this laboratory.
Sensitivity Test
An agar dilution method was used to determine the sensitivities of various Gram-positive and -negative bacteria against cerexin A and nalidixic acid . About one Id of a 101-10° colony forming units (CFU) per ml suspension was inoculated onto Gly-IM agar medium (see below) which contained variable concentrations of cerexin A or nalidixic acid. The inoculated plates were incubated at 28°C for 1 to 10 days, and the growth of each inoculate at 2, 4, 6, and 10 days stage was measured by naked eye. Selective Isolation Procedure for Pseudomonas About 0.5 g of a fresh soil sample was suspended in 5 ml of sterile saline solution containing 0.01 w/v MgSO4.7H2O and stirred vigorously with two or three glass beads (about 4 mm in diameter) in a Micro Thermo-Mixer (Model TM-101, Thermonics Co., Ltd., Tokyo) for 1 minute at room temperature. Next, the suspension was placed in a vacuum desiccator for about 30 minutes in order to eliminate air from the mixture. The vacuum-treated sample was diluted 10-fold serially to 10-2 10-5 and 0.5 ml of each dilution was plated onto 15 ml of Gly-IM agar medium (see below) which contained 10 µg/ml of cerexin A, 10 µg/ml of nalidixic acid and 30 jig/ml of cycloheximide. The inoculated agar plates were incubated at 28°C for 2 to 7 days for the Pseudomonas colonies to develop. All antibiotics used were sterilized by filtration. The Gly-IM agar medium has the following composition: 0.5% glycerol, 0.25 polypeptone (Daigo Eiyo Co., Ltd., Osaka), 0.25 % beef extract (Kyokuto Co., Ltd., Tokyo), 0.25 yeast extract (Difco), 0.25 yo Bactosoytone (Difco), 0.3% NaCl and 1.25% w/v Bacto-agar (Difco), pH 6.8. As shown in Table 1 , 63 strains of various Gram-positive and -negative bacteria were tested for their sensitivities to cerexin A and nalidixic acid by an agar-dilution method (see Materials and Methods). The test bacteria were selected randomly from species of Pseudomonas, Enterobacteriaceae, asporogenous Gram-positive aerobes, Bacillus, Micromonospora and Streptomyces.
All Pseudomonas and Enterobacteriaceae strains tested grew normally on agar plates containing 25
or 100 ug/ml of cerexin A, except P. riboflavinus IFO 3140. In contrast, all strains of Bacillus, asporogenous Gram-positive aerobes, Streptomyces and Micromonospora were susceptible to the antibiotic at 25 and 100 jig per ml concentrations, with two exceptions, B. cereus 60-6 (a cerexin A producer,7) was sensitive at 100 yg/ml) and M. echinospora subsp. inyoensis NRRL 3292 (a sisomicin producer,10) grew slowly at 25 and 100 jig/ml). Cerexin A is therefore a useful inhibitor for Gram-positive bacteria.
Sensitivity tests with these Gram-positive and -negative bacteria to novobiocin and penicillin were also done, but several of them were resistant to these antibiotics (data not shown).
All Pseudomonas strains tested grew well on agar plates containing 10 jig/ml of nalidixic acid.
However, some were susceptible to 50 yg/ml of the antibiotic. The enteric Gram-negative bacteria tested were susceptible to 10 and 50 µg/ml of nalidixic acid, with one exception, Proteus mirabilis OM-8.
Most of the Bacillus strains including B. cereus 60-6 (a cerexin A producer) were also sensitive to 10 ,ug/ ml of nalidixic acid. The Streptomyces and Micromonospora strains tested were not inhibited by this antibiotic.
As shown in a previous study,9) 30 tug/ml of cycloheximide inhibited most of fungal and yeast growth but had no effect on the growth of these test bacteria.
The above results clearly indicate that Pseudomonas bacteria could be selectively isolated by adding 25 tag/ml of cerexin A, 10 tag/ml of nalidixic acid and 30,ug/ml of cycloheximide into the isolation medium.
Optimum Concentrations of Cerexin A and Nalidixic Acid With 22 strains of Gram-positive and -negative bacteria (see Table 2 ), the optimum concentrations of cerexin A and nalidixic acid needed to isolate Pseudomonas bacteria and minimize the number of other bacterial colonies from soil samples were determined. Growth was measured by replicate plating using two antibiotic mixtures: Mixture A; 10 pg/ml cerexin A, 10 pg/ml nalidixic acid and 30 jig/ml cycloheximide, and Mixture B; 10 tag/ml cerexin A, 20 yg/ml nalidixic acid and 30 pg/ml cycloheximide (see Table   2 ). The experimental conditions and the results of these tests are reported in Table 2 .
The nine strains of Pseudomonas tested all grew well on both Mixture A and B agar plates. All other Gram-positive and -negative bacteria (see Table 2 , 13 strains) did not grow on these agar mixtures.
Therefore, both Mixture A and B could be usable for selective isolation of Pseudomonas bacteria. P. syncyanea IFO 3757, P. fragi IFO 3458 and P. putida IFO 3738, however, grew more slowly on Mixture B agar than on A. Therefore, we chose the Mixture A for routine isolation of Pseudomonas. Table 3 .
In one test series, Series I in Table 3 , 60 CFU of P. chlororaphis was plated on the Mixture A agar with 230 CFU of A. aerogenes, 220 CFU of M. luteus and 200 CFU of B. cereus (see Table 3 ). Similarly, 10-(Series II) or 100-fold (Series III) numbers of contaminants were also plated with 60 CFU of P. Incubated at 28°C for 1 to 7 days. b) Mixture A; 10 jig/ml of cerexin A , 10 ttg/ml of nalidixic acid and 30 ttg/ml of cycloheximide. Mixture B; 10 jig/ml of cerexin A, 20 pg/ml of nalidixic acid and 30 ttg/ml of cycloheximide. e) Slow growth . °) 5 signifies good growth , 4 fairly good growth, 3 fairly weak growth, and 0 no growth. Table 3 . Model experiments of the selective isolation procedure for Pseudontonasa). chlororaphis (see Table 3 ).
All of the P. chlororaphis bacteria added were detected on the agar plates in every series of tests as distinct colonies. No colonies of the three contaminants were detected in any series of tests (see Table  3 ). This indicates that the Mixture A is useful for the selective isolation of Pseudomonas bacterium from samples containing about 400 times as many of Gram-positive or -negative contaminants. formation from glucose and growth characteristics (see Table 4 ). The experimental conditions and results are described in Table 4 .
A total of 63 strains were isolated from the three soil samples by this method. Among them, four strains were Gram-positive bacteria, one strain was a yeast. The remaining 58 strains were Gramnegative aerobes, and they were taxonomically divided into 20 subgroups as shown in Table 4 . Only two of those subgroups (5 strains) had peritrichous flagella, while the remaining 18 subgroups (53 strains) had polar flagellum or flagella.
Thus, at least 18 strains likely to be Pseudomonas were obtained from the three soil samples by this method. Only 9 of these 18 subgroups were obtained from the same soil samples by the standard dilution-plate method (data not shown). The method now presented, therefore, proved to be more efficient than the standard method for Pseudomonas-isolation.
Secondary selection of the isolates by this method was convenient for sorting out P. aeruginosa strains. Most of the P. aeruginosa strains were detected by growth test at 42°C and tests for pigmentformation on an appropriate agar medium.
This improved method should be applicable for isolation of Pseudomonas clinically and from the environment with slight modifications (temperature, medium composition). It can also be used to count Pseudomonas bacteria among various Gram-positive and -negative bacteria.
